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Abstract
Quinone is well known molecules for not only in the biological applications but which includes electrochemical and fluorescent
applications too. In this paper we attempted to synthesize a series of 2-(4-amino-benzosulfonyl)-5H-benzo[b]carbazole-6,11-dione
derivatives and these set of compounds were studied for their fluorescent switching properties. The title compounds were synthesized
via Michael-like addition and followed by intramolecular C C coupling. These compounds were studied for their fluorescent
switching properties by using UV–vis, photoluminescence and cyclic voltagram techniques. Among all the molecules studied for
their fluorescent switching properties the compounds 4a  and 6a  exhibited good fluorescent switching properties due to the presence
of poor and strong electron withdrawing functional groups in the fourth position at the fluorophoric unit. All the synthesized
compounds exhibited good fluorescent switching properties which were studied and confirmed by UV–vis, photoluminescence
(PL) and cyclic voltagram (CV) techniques.
© 2015 Taibah University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction
In recent years, organic photo luminescent materi-
als draws the attention to researchers due to their wide
range of potential applications of optical information
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storage, photo regulated molecular switches [1–3], cos-
metics [4], textiles [5], organic light emitting devices
(OLED) [6,7], etc. At the same time, a photo switchable
organic fluorescent material has promising application of
optoelectronic, fluorescent probe and fluorescent sensor
devices working on the basis of fluorescence proper-
ties and inter-conversion of chemical species under the
influence of light irradiation [8–10].
Quinones are well known the photo chromic groups
that have two typical forms, i.e., a color quinone form
and a colorless hydroquinone form. The two forms
can be converted to each other either by chemical or
electrochemical stimulation. However, photo switchable
fluorescence switches based on photo chromic quinones. This is an open access article under the CC BY-NC-ND license
are virtually unknown. Inter conversion of quinone to
hydroquinone is a reversible process in a protic media
by exchanging two protons and two electrons and this
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1Fig. 1. Successful fluoresc
edox system is the one involved in various biologi-
al electron transport systems. Quinones had proved to
e good electron acceptors and hydroquinones are very
ood electron donors and acceptors which are already
eported in literature [11–14].
Illos et al. [11,12] have been reported that the
ame kind of heterocyclic quinone moiety with typ-
cal synthetic procedures and dansyl chloride added
s a fluorophore in the fluophoric unit. In our pre-
ious report the simple quinone derivatives without
ny additional fluorophores were successfully synthe-
ized and demonstrated for their ‘off-on-off’ fluorescent
witching properties [13] (see Fig. 1). In our present
ork deals with novel fluorescent switches (1a–7a)
ere synthesized with simple fluorphores from 1,4-
aphthoquninone which is covalently bridged to 4-amino
henyl sulfone via a simple NH spacer. The aim of
he present study is to investigate, how these struc-
ural features will influence its switching photochemical
roperties. All the synthesized compounds were thor-
ughly characterized by FT-IR, 1H NMR, 13C NMR
nd mass spectral analysis. The fluorescent switching
roperties were studied and confirmed by UV–vis, pho-
oluminescence and cyclic voltagram (CV) techniques.
n our previous report the synthetic methods and physi-
al data of all synthesized compounds (1–7  and 1a–7a)
ere reported. The same molecules were studied for their
olecular binding and cytotoxicity and reported [15].
.  Experimental
.1.  Materials  and  methods
Melting points (◦C, uncorrected) of all the syn-
hesized compounds were checked in capillary tubes
y using a digital melting point apparatus (Labtronics
10, India) and found uncorrected. All the analyti-
al grade chemicals and solvents were purchased from
igma–Aldrich and Merck, India. Progress and com-
letion of all the reactions were monitored by thin
ayer chromatography (TLC silica gel 0.25 mm, 60 G
254 and eluting solvents were ethyl acetate: hexane
:9). All the compounds were characterized by UV–vistches previously reported.
spectrophotometer (UV-1800, Shimadzu, Japan) using
methanol as solvent, FT-IR spectrometer (IR Prestige-
21, Shimadzu, Japan) using KBr pellets, 1H NMR
spectroscopy in DMSO-d6 (500 MHz, Bruker), and 13C
NMR spectroscopy in DMSO-d6 (125 MHz, Bruker)
using tetramethylsilane (TMS) as internal standard. The
emission spectra of compounds 1a–7a  were studied
using methanol as solvent in a fluorescence spectropho-
tometer (Horiba Jobin Yvon, Fluoro Log 3, Japan). A
high resolution mass spectrum (HRMS-EI) was mea-
sured by Electron Ionization (EI) method (Jeol GC-Mate
2). Electrochemical redox properties of the compounds
were studied by using an electrochemical workstation
(CH Instruments, Inc., CH1660C, USA).
2.2.  General  procedures  for  synthesis  of
2-[4-(4-amino-benzene  sulfonyl)-phenyl
amino]-[1,4]  naphthoquinone  (1)
2.2.1.  Method  A:  [16]
A solution of 1,4-naphthoquinone (1.581 g, 10 mmol)
in 95% of ethyl alcohol (40 mL) was gradually added
over a period of 30 min, to a solution of 4-aminophenyl
sulfone (2.048 g, 10 mmol) in glacial acetic acid
(10–30 mL) and stirred for 30 min. Then the mixture was
refluxed for 1 h. The reaction mixture was cooled and left
overnight at room temperature. The black precipitates
formed were separated by filtration. Water was added to
the filtrate, the brownish material formed was filtered,
washed with hot water (200 mL), dried at 80 ◦C, and
crystallized from 95% ethyl alcohol to give compound 1
(3.692 g, 91%) as orange crystals.
2.2.2. Method  B:  [17]
4-Aminophenyl sulfone (2.048 g, 10 mmol) was
added to a solution of 1,4-naphthoquinone (1.581 g,
10 mmol) in water (100 mL) and refluxed for 4 h. The
reaction mixture was cooled at room temperature and
the brownish precipitate was filtered and washed with
◦hot water (200 mL). The precipitate was dried at 80 C
and crystallized from 95% ethyl alcohol to give com-
pound 1  (1.657 g, 41%) as orange crystals; mp > 300 ◦C;
UV–vis (acetone): 451.45 nm; IR (KBr): 1294 ( S O),
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1633 ( C C), 1681 ( C O), 3381 ( NH), 3475 ( NH2)
cm−1; 1H NMR (400 MHz, DMSO-d6) δ: 6.14 (s, 2H),
6.34 (s, 1H), 6.61 (d, 2H, J  = 8.8 Hz), 7.53 (d, 2H,
J = 8.8 Hz), 7.56 (d, 2H, J = 8.8 Hz), 7.70–7.80 (m, 4H),
7.95 (d, 1H, J = 7.2 Hz), 8.06 (d, 1H, J = 7.3 Hz), 9.41 (s,
1H); 13C NMR (100 MHz, DMSO-d6) δ: 104.4, 112.9,
122.6, 125.2, 125.5, 126.1, 127.8, 129.2, 130.3, 132.2,
132.8, 134.8, 138.2, 142.3, 144.8, 153.5, 181.2, 183.0;
MS (EI): m/z  403.49 (M−1, 8%), 257 (80), 180.80 (75),
157.78 (45), 142.78 (60), 122.83 (100).
2.3.  General  procedure  for  synthesis  of  N-{4-[4-
(1,4-dioxo-1,4-dihydro-naphthalene-2-ylamino)
benzenesulfonyl]-phenyl}-benzamides  (2–7)
Substituted benzoyl chloride (1 mmol) was added to
a solution of 1 (0.404 g, 1 mmol) in acetone (100 mL).
After refluxing for 30 min, the reaction mixture was fil-
tered and concentrated in vacuo to give pure samples of
2–7 which required no further purification.
2.3.1. N-{4-[4-(1,4-dioxo-1,4-dihydro-
naphthalene-2-ylamino)-benzenesulfonyl]-phenyl}
benzamide  (2)
Orange solid: Reaction time 25 min (0.501 g, 99%);
mp > 300 ◦C; UV–vis (acetone): 447.36 nm; IR (KBr):
1296 ( S O), 1631 ( C C), 1676 ( C O), 3500 ( NH)
cm−1; 1H NMR (400 MHz, DMSO-d6) δ: 6.39 (s, 1H),
7.54 (d, 2H, J  = 6.8 Hz), 7.61–8.07 (m, 15H), 9.45 (s,
1H), 10.62 (s, 1H); 13C NMR (100 MHz, DMSO-d6) δ:
104.9, 120.2, 122.6, 125.2, 126.2, 127.7, 128.3, 128.4,
128.5, 130.3, 131.9, 132.1, 132.9, 134.2, 134.8, 135.2,
136.2, 143.1, 143.7, 144.6, 166.0, 181.1, 183.0; MS (EI):
m/z 508.028 9 (M+, 12%), 444.63 (55), 300.89 (60),
224.76 (100), 123.07 (60).
2.3.2. N-{4-[4-(1,4-dioxo-1,4-dihydro-
naphthalene-2-ylamino)-benzenesulfonyl]-phenyl}-
3-methyl-benzamide
(3)
Red-brown solid: Reaction time 25 min (0.515 g,
99%); mp > 300 ◦C; UV–vis (acetone): 445.23 nm; IR
(KBr): 1298 ( S O), 1616 ( C C), 1680 ( C O), 2922
( CH), 3509 ( NH) cm−1; 1H NMR (400 MHz, DMSO-
d6) δ: 2.08 (s, 3H), 6.40 (s, 1H), 7.36–8.08 (m, 16H), 9.49
(s, 1H), 10.61 (s, 1H); 13C NMR (100 MHz, DMSO-
d6) δ: 21.3, 105.4, 120.7, 123.1, 125.4, 125.7, 126.7,
126.9, 128.7, 128.8, 128.9, 130.1, 130.8, 131.2, 132.7,
133.0, 133.4, 134.7, 135.7, 138.3, 143.6, 144.3, 167.8,
181.7, 183.6; MS (EI): m/z  521.60 (M−1, 15%), 499.17ah University for Science 9 (2015) 538–547
(25), 457.80 (10), 274.85 (50), 257.85 (25), 175.06 (97),
114.09 (100), 100.07 (76).
2.3.3. N-{4-[4-(1,4-dioxo-1,4-dihydro-
naphthalene-2-ylamino)-benzenesulfonyl]-phenyl}-
4-methyl-benzamide
(4)
Crimson red solid: Reaction time 30 min (0.512 g,
98%); mp > 300 ◦C; UV–vis (acetone): 448.38 nm; IR
(KBr): 1294 ( S O), 1616 ( C C), 1680 ( C O),
2945 ( CH), 3560 ( NH) cm−1; 1H NMR (400 MHz,
DMSO-d6) δ: 2.30 (s, 3H), 6.38 (s, 1H), 7.27 (d,
2H, J  = 8.0 Hz), 7.32 (d, 2H, J  = 8.0 Hz), 7.61 (d, 2H,
J = 8.8 Hz), 7.77–8.06 (m, 10H), 9.45 (s, 1H), 10.53 (s,
1H); 13C NMR (100 MHz, DMSO-d6) δ: 20.9, 104.8,
120.1, 122.6, 125.2, 126.1, 127.8, 128.3, 128.9, 129.2,
130.3, 131.3, 132.1, 132.9, 134.8, 135.1, 136.3, 142.1,
143.1, 143.8, 144.6, 165.8, 181.1, 183.0; MS (EI): m/z
521.54 (M−1, 45%), 456.86 (15), 250.75 (80), 184.42
(100).
2.3.4. N-{4-[4-(1,4-dioxo-1,4-dihydro-
naphthalene-2-ylamino)-benzene
sulfonyl]-phenyl}-3-nitro-benzamide  (5)
Red-brown solid: Reaction time 25 min (0.545 g,
99%); mp > 300 ◦C; UV–vis (acetone): 447.36 nm; IR
(KBr): 1274 ( S O), 1616 ( C C), 1687 ( C O), 3412
( NH) cm−1; 1H NMR (400 MHz, DMSO-d6) δ: 6.40
(s, 1H), 7.63 (d, 2H, J  = 7.2 Hz), 7.82 (d, 2H, J = 7.2 Hz),
7.85–8.06 (m, 7H), 8.34 (d, 1H, J  = 7.3 Hz), 8.40 (d, 1H,
J = 7.3 Hz), 8.47 (d, 1H, J = 7.8 Hz), 8.62 (s, 1H), 9.50 (s,
1H), 10.96 (s, 1H), 13.71 (s, 1H); 13C NMR (100 MHz,
DMSO-d6) δ: 105.4, 121.0, 123.1, 123.2, 124.1, 125.7,
126.7, 127.7, 128.9, 129.1, 130.7, 130.8, 131.2, 132.6,
132.9, 133.4, 135.3, 135.8, 136.1, 143.8, 145.1, 148.2,
164.4, 181.6, 183.6; MS (EI): m/z  553.12 (M+, 13%),
507.98 (15), 440.31 (38), 366.39 (100), 293.45 (41),
232.44 (40).
2.3.5.
N-{4-[4-(1,4-dioxo-1,4-dihydro-naphthalene-2-yl
amino)-benzene
sulfonyl]-phenyl}-4-nitro-benzamide  (6)
Orange solid: Reaction time 25 min (0.543 g, 98%);
mp > 300 ◦C; UV–vis (acetone): 453.49 nm; IR (KBr):
1273 ( S O), 1529 ( C C), 1614 ( C C), 1680
( C O), 3515 ( NH) cm−1; 1H NMR (400 MHz,
DMSO-d6) δ: 6.39 (s, 1H), 7.62 (d, 2H, J  = 8.0 Hz),
8.79 (t, 1H, J = 7.8 Hz), 7.86 (t, 1H, J = 7.8 Hz), 7.95
(d, 2H, J = 8.0 Hz), 7.98 (d, 2H, J  = 8.0 Hz), 8.02 (d,
2H, J  = 8.0 Hz), 8.06 (d, 1H, J = 7.8 Hz), 8.14 (d,
1H, J  = 7.8 Hz), 8.18 (d, 2H, J  = 8.0 Hz) 8.37 (d, 2H,
 of Taib
J
(
1
1
1
5
1
2
N
a
5
9
(
(
D
(
J
1
1
1
1
5
(
2
2
[
2
(
w
a
p
f
2
[
m
1
(
D
(
(
8
d
1
1P. Ravichandiran, S. Vasanthkumar / Journal
 = 8.0 Hz), 9.46 (s, 1H), 10.92 (s, 1H); 13C NMR
100 MHz, DMSO-d6) δ: 104.9, 120.4, 122.6, 123.5,
25.2, 126.2, 126.2, 128.4, 128.6, 130.3, 132.1, 132.9,
34.3, 135.3, 135.6, 135.8, 136.1, 143.2, 144.6, 149.3,
64.4, 181.1, 183.0; MS (EI): m/z  551.85 (M−2, 10%),
28.20 (30), 510.51 (25), 268.46 (75), 252.45 (98),
91.36 (100), 177.40 (52).
.3.6.
-{4-[4-(1,4-dioxo-1,4-dihydro-naphthalene-2-yl
mino)-benzene  sulfonyl]-phenyl}-3,
-dinitro-benzamide  (7)
Red-brown solid: Reaction time 30 min (0.589 g,
8%); mp > 300 ◦C; UV–vis (acetone): 446.12 nm; IR
KBr): 1271 ( S O), 1541 ( C C),1624 ( C C), 1691
 C O), 3500 ( NH) cm−1; 1H NMR (400 MHz,
MSO-d6) δ: 6.39 (s, 1H), 7.62 (d, 2H, J = 8.8 Hz), 7.78
t, 1H, J  = 6.8 Hz), 7.82 (t, 1H, J  = 6.8 Hz) 7.93 (d, 2H,
 = 7.2 Hz), 7.93–8.05 (m, 8H), 9.17 (s, 1H), 9.45 (s, 1H),
1.16 (s, 1H); 13C NMR (100 MHz, DMSO-d6) δ: 104.9,
20.7, 121.4, 122.6, 125.2, 126.1, 128.1, 128.6, 130.3,
32.1, 132.9, 134.8, 134.8, 136.2, 136.8, 142.8, 143.2,
44.6, 148.0, 148.2, 161.9, 181.1, 183.0; MS (EI): m/z
96.51 (M−2, 55%), 566.45 (20), 537.60 (25), 473.23
15), 399.43 (100), 382.51 (46), 218.53 (45).
.4.  General  procedure  for  synthesis  of
-(4-amino-phenylsulfonyl)-5H-benzo
b]carbazole-6,11-diones  (1a–7a)
.4.1.  Method  C:  [14,18]
A mixture of 1–7  (0.5 mmol) in glacial acetic acid
60 mL) and palladium (II) acetate (0.112 g, 0.5 mmol)
ere refluxed for 2 h and the reaction mixture was cooled
t room temperature and poured into ice cold water. The
recipitate was filtered, dried at 60 ◦C and crystallized
rom acetone to give compounds 1a–7a.
.4.2.  2-(4-amino-phenylsulfonyl)-5H-benzo
b]carbazole-6,  11-dione  (1a)
Yellow solid: Reaction time 2 h (0.150 g, 75%);
p > 300 ◦C; UV–vis (acetone): 278.71 nm; IR (KBr):
288 ( S O), 1629 ( C C), 1651 ( C O), 3384
 NH2), 3478 ( NH) cm−1; 1H NMR (400 MHz,
MSO-d6) δ: 6.13 (s, 2H), 6.60 (d, 2H, J = 8.8 Hz), 7.55
d, 2H, J  = 8.8 Hz), 7.70 (d, 1H, J  = 8.8 Hz), 7.80–7.90
m, 3H), 8.09 (d, 1H, J = 5.2 Hz), 8.10 (d, 1H, J = 5.2 Hz),
13.60 (s, 1H), 13.4 (s, 1H); C NMR (100 MHz, DMSO-
6) δ: 113.5, 118.4, 121.9, 123.6, 125.0, 126.2, 126.7,
29.8, 130.3, 133.0, 134.0, 134.3, 135.0, 139.1, 139.8,
40.0, 151.0, 154.0, 177.9, 180.7; MS (EI): m/z  402.40ah University for Science 9 (2015) 538–547 541
(M+, 5%), 342.75 (8), 250.87 (50), 205.06 (98), 162.06
(100), 117.10 (60), 75.10 (45).
2.4.3. N-[4-(6,11-dioxo-6,11-dihydro-5H-
benzo[b]carbazole-2-sulfonyl)-phenyl]-benzamide
(2a)
Light yellow solid: Reaction time 2 h (0.195 g, 77%);
mp > 300 ◦C; UV–vis (acetone): 278.79 nm; IR (KBr):
1244 ( S O), 1589 ( C C), 1668 ( C O), 3575 ( NH)
cm−1; 1H NMR (400 MHz, DMSO-d6) δ: 7.58 (t,
2H, J  = 8.0 Hz), 7.60 (t, 1H, J = 8.0 Hz), 7.76 (d, 1H,
J = 8.8 Hz), 7.81–7.92 (m, 5H), 7.90 (d, 2H, J  = 8.2 Hz),
8.03 (d, 2H, J  = 8.2 Hz), 8.10–8.16 (m, 2H), 8.76 (d,
1H, J  = 1.2 Hz), 10.61 (s, 1H), 13.47 (s, 1H); 13C NMR
(100 MHz, DMSO-d6) δ: 115.3, 117.9, 120.3, 122.2,
123.2, 123.3, 124.8, 126.2, 127.7, 128.4, 131.9, 132.4,
132.5, 133.5, 133.7, 134.2, 134.5, 135.3, 136.8, 139.4,
139.8, 143.7, 166.0, 177.4, 180.2; MS (EI): m/z  505.84
(M−1, 5%), 491.09 (35), 474.60 (10), 450.66 (15),
259.18 (20), 218.31 (60), 198.36 (45), 125.41 (35), 81.36
(100).
2.4.4. N-[4-(6,11-dioxo-6,11-dihydro-5H-
benzo[b]carbazole-2-sulfonyl)-phenyl]-3-methyl-
benzamide
(3a)
Light yellow solid: Reaction time 2 h (0.199 g, 77%);
mp > 300 ◦C; UV–vis (acetone): 339.39 nm; IR (KBr):
1244 ( S O), 1589 ( C C), 1668 ( C O), 2922
( CH), 3255 ( NH) cm−1; 1H NMR (400 MHz, DMSO-
d6) δ: 2.38 (s, 3H), 7.40 (m, 2H, J  = 7.8 Hz), 7.70–8.20
(m, 12H), 8.77 (s, 1H), 10.59 (s, 1H), 13.54 (s, 1H);
13C NMR (100 MHz, DMSO-d6) δ: 21.3, 115.8, 120.7,
122.7, 125.4, 126.7, 128.7, 128.8, 128.9, 132.4, 133.0,
133.5, 134.0, 134.2, 134.7, 135.0, 135.8, 137.3, 138.2,
139.9, 140.3, 142.6, 143.2, 166.6, 178.1, 181.0; MS
(EI): m/z  518.45 (M−2, 15%), 496.07 (15), 477.41 (20),
300.78 (12), 226.92 (35), 171.95 (100), 110.98 (75),
96.96 (52).
2.4.5. N-[4-(6,11-dioxo-6,11-dihydro-5H-
benzo[b]carbazole-2-sulfonyl)-phenyl]-4-methyl-
benzamide
(4a)
Brick red color solid: Reaction time 2 h (0.201 g,
78%); mp > 300 ◦C; UV–vis (acetone): 346.67 nm; IR
(KBr): 1242 ( S O), 1651 ( C C), 1666 ( C O), 2922
−1 1( CH), 3352 ( NH) cm ; H NMR (400 MHz, DMSO-
d6) δ: 2.36 (s, 3H), 7.31 (d, 2H, J  = 8.0 Hz), 7.75–8.16
(m, 12H), 8.75 (s, 1H), 10.51 (s, 1H), 13.50 (s, 1H);
13C NMR (100 MHz, DMSO-d6) δ: 20.9, 115.3, 117.9,
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120.2, 122.2, 123.1, 124.8, 126.2, 127.8, 128.3, 128.9,
131.3, 131.5, 132.4, 133.5, 133.7, 134.5, 135.2, 136.8,
139.4, 139.8, 142.1, 143.8, 165.8, 177.4, 180.2; MS (EI):
m/z 521.85 (M+1, 25%), 471 (75), 250.37 (30), 184
(100), 81.79 (65).
2.4.6.  N-[4-(6,11-dioxo-6,11-dihydro-5H-
benzo[b]carbazole-2-sulfonyl)-phenyl]-3-nitro-
benzamide
(5a)
Pale yellow solid: Reaction time 2 h (0.212 g, 77%);
mp > 300 ◦C; UV–vis (acetone): 277.58 nm; IR (KBr):
1251 ( S O), 1525 ( C C), 1591 ( C C), 1670
( C O), 3257 ( NH) cm−1; 1H NMR (400 MHz,
DMSO-d6) δ: 7.70–8.20 (m, 15H) 10.94 (s, 1H), 13.55 (s,
1H); 13C NMR (100 MHz, DMSO-d6) δ: 106.9, 119.1,
122.9, 123.2, 124.5, 125.6, 125.6, 125.3, 125.1, 126.4,
127.1, 129.1, 131.2, 132.4, 132.5, 132.9, 133.2, 134.1,
134.4, 134.9, 136.0, 137.1, 139.2, 146.1, 163.4, 180.2,
181.0; MS (EI): m/z  550.65 (M−1, 15%), 536.40 (30),
507.28 (10), 437.65 (10), 408.63 (15), 351.84 (38),
289.86 (95), 233.83 (100), 222.08 (18).
2.4.7.  N-[4-(6,11-dioxo-6,11-dihydro-5H-
benzo[b]carbazole-2-sulfonyl)-phenyl]-4-nitro-
benzamide
(6a)
Yellow solid: Reaction time 2 h (0.215 g, 78%);
mp > 300 ◦C; UV–vis (acetone): 258.18 nm; IR (KBr):
1319 ( S O), 1529 ( C C), 1591 ( C C), 1678
( C O), 3437 ( NH) cm−1; 1H NMR (400 MHz,
DMSO-d6) δ: 7.64–8.39 (m, 15H), 9.81 (s, 1H), 10.80 (s,
1H); 13C NMR (100 MHz, DMSO-d6) δ: 117.1, 119.0,
122.0, 122.1, 123.5, 124.6, 126.1, 126.3, 126.8, 127.8,
128.4, 129.0, 131.0, 132.1, 132.7, 132.8, 133.4, 135.1,
135.2, 136.4, 138.0, 140.0, 163.1, 180.7, 182.4; MS (EI):
m/z 548.56 (M−3, 5%), 527.29 (20), 509.61 (20), 251.56
(80), 190.52 (100), 164.77 (18).
2.4.8. N-[4-(6,11-dioxo-6,11-dihydro-5H-
benzo[b]carbazole-2-sulfonyl)-phenyl]-3,5-dinitro-
benzamide
(7a)
Yellow solid: Reaction time 2 h (0.228 g, 77%);
mp > 300 ◦C; UV–vis (acetone): 269.09 nm; IR (KBr):
1244 ( S O), 1535 ( C C), 1629 ( C C), 1660
( C O), 3300 ( NH) cm−1; 1H NMR (400 MHz,
DMSO-d6) δ: 7.75–8.15 (m, 10H), 8.76 (d, 1H,
J = 1.2 Hz), 8.98 (t, 1H, J = 2.0 Hz), 9.10 (d, 2H,
J = 2.0 Hz) 11.14 (s, 1H), 13.50 (s, 1H); 13C NMR
(100 MHz, DMSO-d6) δ: 115.3, 117.9, 120.8, 212.4,
211.3, 123.2, 124.8, 126.1, 128.1, 128.5, 132.4, 133.5,ah University for Science 9 (2015) 538–547
133.7, 134.4, 136.3, 136.5, 136.8, 139.4, 139.8, 142.8,
148.0, 148.9, 161.9, 177.4, 180.2; MS (EI): m/z  595.42
(M−1, 35%), 562.58 (15), 543.04 (40), 407.72 (45),
386.74 (60), 328.63 (100), 249.72 (75), 214.68 (32).
3.  Results  and  discussion
3.1.  Chemistry
The starting material 1,4-naphthoquinone reacts
with 4-aminophenyl sulfone to generate 2-[4-(4-amino-
benzenesulfonyl)-phenylamino]-[1,4]naphthoquinone
(1). Though this conversion has already been effected
in glacial acetic acid under reflux [16], it is now found
that the reaction takes place smoothly in water media
without the aid of the acid. It is found that the yield in
this method is only marginal (41%) (Method B) [17], but
when the reaction is conducted in a mixture of ethanol
and acetic acid, the reaction led to a very good yield
(91%) (Method A). However performing the reaction
in ethanol alone is not at all successful, the yield being
very poor (35%). Compound 1  is then reacted with
several aromatic acid chlorides to give N-{4-[4-(1,4-
dioxo-1,4-dihydronaphthalene-2-ylamino)-benzene
sulfonyl]-phenyl}-aryl benzamide derivatives (2–7)
by conventional method in acetone and yield between
98 and 99%. Finally carbazole-6,11-dione derivatives
(1a–7a) are synthesized via a typical intramolecular
cyclization with palladium (II) acetate in acetic acid
(Method C).
This the first report on the synthesis of
N-{4-[4-(1,4-dioxo-1,4-dihydronaphthalen-2-yl
amino)-benzenesulfonyl]-phenyl}-arylbenzamide
derivatives (2–7) and 2-(4-amino-benzosulfonyl)-5H-
benzo[b]carbazole-6,11-dione derivatives (1a–7a) to the
best of our knowledge. Only few reports are available in
literature wherein compounds with carbazoloquinone
nuclei on naphthoquinone and N-dansyl carbazolo-
quinone have been found to exhibit antituberculosis [16]
apart from chemical and electrochemical fluorescent
activities [14]. However, the ‘off-on-off’ fluorescent
switching property had not been tested for these systems
so far. The characterization of the compounds (1b–7b)
(Conversion of quinone to hydroquinone and vice versa)
has been confirmed by UV–vis and cyclic voltagram.
These studies confirm that the conversion of quinone
to hydroquinone redox couple. There is no need for
further spectral conformations to characterize the
redox compounds (1b–7b). The fluorescent switching
properties were studied and demonstrated by using
UV–vis, Photoluminescence (PL) and cyclic voltagram
(CV) techniques (Schemes 1 and 2).
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Scheme 1. The synthesis of 2-[4-(4-amino-benzenesulfonyl)-phenylamino]-[1,4] naphthoquinone (1), N-{4-[4-(1,4-dioxo-1,4-dihydro-naphthalene-
2-ylamino)-benzenesulfonyl]-phenyl}-aryl benzamides (2–7) and carbazole-6,11-dione derivatives (1a–7a).
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3.2.  UV–vis  spectroscopy
The compounds 1a–7a  was studied for their
absorbance behavior and concentrations of 3 ×  10−3 M
methanolic solution of NaBH4 reacting with
3.43 ×  10−5M [11] of 1a–7a  were prepared. The
UV–vis spectrum of compound 1a  shows two –*
absorption at 389 and 278 nm. The absorption at 278 nm
is observed due to the presence of quinone moiety and
the absorption at 389 nm is obtained due to the intra
molecular charge transfer. In the reduction of quinone
(1a) to hydroquinone (1b) the complete disappearance
of the absorbance at 389 nm is observed. This change is
visible as the solution turns from yellow to colorless.
A blue shift of absorbance at 270 nm was observed
for compound 1b. Compound 2a  shows two –*
absorptions at 368 and 279 nm. Hydroquinone (2b) of
compound 2a  shows an absorption band of a blue shift
with an intense peak at 275 nm. Compound 3a  shows
two absorption peaks at 371 and 281 nm respectively.
The blue shift of its hydroquinone (3b)  shows more
intense absorption at 279 nm. Compound 4a  (Fig. 2)
shows two –* absorption at 368 and 279 nm. The
hydroquinone (4a) of compound 4b  exhibits blue shift
*at 269 nm. Compound 5a  shows two – absorption
at 372 and 279 nm. The hydroquinone (5b) of com-
pound 5a  shows intense peak of blue shift at 274 nm.
Fig. 2. UV–vis absorption spectrum of compounds 4a (Quinone) and
its reduced form 4b (Hydroquinone) (3 × 10−3 M methanolic solution
of NaBH4 reacting with 3.43 × 10−5M).2b-7b (ON) R3
a–7a (Quinones) to 2b–7b (Hydroquinones).
Compound 6a  (Fig. 3) shows two –* absorption at
364 and 277 nm. The hydroquinone (6b) of compound
6a shows a red shift resulting in a peak at 307 nm.
Compound 7a  shows two –* absorption at 362 and
277 nm. The hydroquinone (7a) of compound 7b  shows
red shift at 293 nm. These processes are reversible and
the conversion to the quinone and hydroquinone redox
couple is almost 100% which is confirmed by UV–vis
absorption (see Figs. 2 and 3).
3.3.  Photoluminescence  spectroscopy  (PL)
The emission spectrum of disulfone systems in the
molecules excited state is totally quenched due to the
lack of transfer of electrons from the excited sulfone
system to the carbazoloquinone acceptor but the chemi-
cal ‘ON’ fluorescence occurs to the reduction of quinone
to hydroquinone with the help of sodium borohydride.
The concentrations of the compounds (1a–7a) used in
UV–vis spectroscopy studies were studied for their fluo-
rescence properties. The fluorescence emission spectrum
(Figs. 4 and 5) of compounds (1a–7a) is quenched. The
hydroquinone of all the carbazole-6,11-diones (1b–7b)
shows high intense emission. The emissions of com-
pound 1a–7a  are not solvent dependent and it is fully
quenched in polar organic solvents. The quenching in
alcoholic medium results of incomplete conversion of
Fig. 3. UV–vis absorption spectrum of compounds 6a (Quinone) and
its reduced form 6b (Hydroquinone) (3 × 10−3 M methanolic solution
of NaBH4 reacting with 3.43 × 10−5M).
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Table 1
The potentials of first and second reductions waves for the compounds.
Compounds
entry
First reduction
wave E11/2 (V)
Second reduction
wave E21/2 (V)
1a −0.68 −1.10
2a −0.68 −1.10
3a −0.60 −1.01
4a −0.59 −1.03
5a −0.55 −0.99
6a −0.62 −0.97ig. 4. Fluorescence emission spectrum of compounds 4a (Quinone)
nd its reduced form 4b (Hydroquinone) (3 × 10−3 M methanolic solu-
ion of NaBH4 reacting with 3.43 × 10−5M).
ydroquinone to quinone. Some emissions are observed
rom the quinone form of all the compounds (1a–7a).
The compounds 4a  and 6a  exhibits better emission
pectrum due to the presence of electron withdraw-
ng and donating functional groups. The compound 4a
nd 6a having methyl and nitro functional groups at
he aromatic ring and exhibits better emission due to
he transport of electrons from the quinone moiety to
isulfone system of the molecule via NH spacer. From
he UV–vis spectrums of compounds 1a–7a, excitation
as carried out and the quinone system did not exhibit
uch better emission spectrums and the hydroquinones
xhibits better emission spectrums with redox reaction
see Figs. 4 and 5).
.4.  Cyclic  voltagram  studies  (CV)The reduction of quinones to hydroquinones is a
eversible process and it can be accomplished by both
ig. 5. Fluorescence emission spectrum of compounds 6a (Quinone)
nd its reduced form 6b (Hydroquinone) (3 × 10−3 M methanolic solu-
ion of NaBH4 reacting with 3.43 × 10−5M).7a −0.57 −0.99
chemical and electrochemical methods. The cyclic volt-
agram (CV) of compounds 1a–7a  were carried out in
acetonitrile–water mixtures of solvent (98:2). Tetrabutyl
ammonium hexafluoro phosphate (TBAPF6) was used
as a supporting electrolyte. Glassy carbon, platinum and
silver wires served as the working, counter and reference
electrodes respectively. From all the electrochemical
redox processes a two electron reduction and oxidation
was observed. All the potentials were reported on silver
wire. The potentials of first and second reductions waves
for the compounds (1a–7a) are presented in Table 1.
The first reversible reduction wave represents in
all compounds, the addition of one electron to the
quinone moiety to form semihydroquinone anion. The
second reversible reduction waves indicate the addition
of another electron to the quinone moiety to form hydro-
quinone dianion. The square root scan rate vs. peak
current plot establishes the linear relationship between
them, which in turn confirm that this is a reversible and is
diffusion controlled processes for both electrochemical
reduction and oxidation. From the UV–vis spectral anal-
ysis the electrochemical inter conversion to compounds
1a–7a was demonstrated and the conversion of quinone-
hydroquinone and reversible process is 95–100% (see
Figs. 6 and 7).
In our previous report [13] we studied the fluorescent
switching properties for simple heterocyclic quinone
derivatives. From the outcome of results, the molecule
possesses electronegative functional groups as one of the
functional group exhibited better fluorescent switching
property among all the molecules were studied. From the
above results we encouraged and motivated to synthe-
size molecules possess electronegative functional groups
and studied for their fluorescent switching properties. In
this article, we observed and report, all the molecules
exhibit better fluorescent switching properties and out
of all the molecules studied, the compounds 4a  and 6a
exhibits good photochemical and electrochemical fluo-
rescent switching properties due to the presence of nitro
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Fig. 6. Cyclic voltagram of compounds 4a (98: 2 of acetonitrile: water
containing 0.1 M of TBAPF6 under an Ar atmosphere). Potentials are
reported against silver wire as reference electrode (inset: square root
of scan rate vs. peak current).
Fig. 7. Cyclic voltagram of compounds 6a (98: 2 of acetonitrile: water
containing 0.1 M of TBAPF6 under an Ar atmosphere). Potentials are
reported against silver wire as reference electrode (inset: square root
of scan rate vs. peak current).
and methyl functional groups at position number four
in the aromatic system of the fluorophore unit. In com-
parison with these present results, molecules (1a–7a)
exhibits good absorbance (UV–vis), emission (PL) and
redox properties than our previous molecules reported
[13].
4.  Conclusions
In conclusion, a new series of carbazole-6,11-dione
derivatives were synthesized, constituting a chemical
and an electrochemical fluorescent switch. Changing
the redox control, the spacer and the fluorophore sub-
units variety of new molecular switching systems can
be synthesized. Synthesis of such kind of molecules
with donor-acceptor systems exhibiting a ‘logic’ char-
acter will have a great interest in the field of molecularah University for Science 9 (2015) 538–547
electronics and molecular recognition. Among all the
molecules synthesized, the compounds 4a  and 6a
exhibits good chemical and electrochemical switching
properties.
Supporting  materials
The figures of UV–vis, photoluminescence (PL) and
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supporting materials.
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